ABSTRACT: An active debate has focused on whether patterns in the abundance of reef fishes are pnmarily determined by the supply of larvae or by subsequent interactions occurring on the reef. By manipulating the presence of predators and the density of older conspecifics on small standardized reefs, we tested the influences of these 2 factors -and interactions between them-on recruitment of reef fishes. To assess the generality of our findings, we conducted similar experiments on 2 closely related species in 2 different systems: 1 tropical and 1 temperate. At Santa Catalina Island (a temperate site in southern California, USA) we worked with the blackeye goby Coryphopterus nicholsii and at Lee Stocking Island (a tropical site in the Bahamas) we studied the bridled goby Coryphopterus glaucofraenum. Predators reduced recruitment of blackeye gobies, but in contrast, in one experiment, recruitment of bridled gobies was positively affected by 1 class of predators (reef residents) and unaffected by transient predators. In another experiment, recruitment of bridled gobies was unaffected by either class of predators; however, there was little statistical power to detect a similar positive effect of predators. Older conspecifics (adults and subadults) did not significantly influence recruitment of blackeye gobies, but recruitment of bridled gobies was negatively related to density of adult conspecifics For both species, the presence of predators did not influence the relationship between recruitment and the density of older conspecifics Our results suggest that patterns of abundance among local populations of reef fishes can be decoupled from patterns of larval supply by reef-based biotic processes (namely predation and intraspecific interactions). However, the influences of older conspecifics and predators varied widely between the 2 quite similar species that we studied. This underscores the need to understand the specific reasons for such differences in order to make predictions regarding the relative importance of these processes in novel circumstances.
INTRODUCTION
In open populations, local reproductive output may have little or no influence on input ('births') to these same populations. 'Openness' is a consequence of a life history that includes 1 or more dispersive stages, such that input to any local population may come from any number of other populations. This life-style and population structure characterizes the majority of marine organisms, as well as many aquatic and terrestrial species, and poses unique problems for population biologists, primarily because local 'birth' rates cannot be predicted from local fecundity. In closed populat i o n~, it is only necessary to understand the processes that affect the fecundity of members of the population in order to predict birth rates. But in open populations, it is also necessary to understand processes that influence individuals during dispersal and that affect the likelihood that an individual will take up residence in a particular local population.
This 'taking-up of residence' is often called recruitment. An inexact term, recruitment has been used to mean many different things by many different researchers. Here, we use it in an operational sense: the addition of individuals to a population measured at some point in time after they have entered the population. Recruitment, then, encompasses 2 critical periods: the bnei moment in time when a dispersing individual joins more sedentary individuals (settlement), and the period between settlement and the time when a researcher observes the new 'recruit'. As a result, answers to questions about the importance of recruitment may depend on the length of time between settlement and the censusing of recruits.
When processes acting after recruitment do not modify patterns established at recruitment, it is necessary only to understand the processes that generate variation in recruitment in order to predict patterns of variation in older stages in and among open local populat i o n~. There have been a number of studies (e.g. Doherty 1983 , 1982 , Victor 1983 , 1986 , Doherty & Fowler 1994 ) that indicate that patterns in recruitment are not strongly modified by post-settlement interactions. Therefore, understanding the causes of variation in recruitment rnay be crucial for predicting patterns in abundance of older benthic and demersal stages. A host of factors are known to generate variation in recruitment of reef fishes, including microhabitat (Sale et al. 1984 , Shulman 1984 , Carr 1989 , 1994 , Levln 1993 , Caselle & Warner 1996 , Schmitt & Holbrook 1996 , resident conspecifics (Sale 1976 , Sweatman 1985 , Behrents 1987 , Booth 1992 , Forrester 1995 , Tupper & Boutilier 1995 , Schmitt & Holbrook 1996 , Steele 1997 , potential interspecific competitors (Shulman et al. 1983 , Sweatman 1985 , Jones 1987 , Sweatman & St. John 1990 , and predators (Doherty & Sale 1985 , Beets 1997 , Steele 1997 . However, it is difficult to generalize about the importance of each of these processes for 2 important reasons: (1) past studies have used a variety of experimental methodolog~es, which precludes direct cornpansons among them; and (2) each process is often explored independently, precluding detection of interactions among processes and making it impossible to assess the relative importance of each process (Underwood & Petraitis 1994 , Steele 1997 .
In this study, we investigated 2 potential sources of variation in recruitment of reef fishes -predation and density-dependent influences of older conspecificsand we did this using 2 closely related species in 2 very different systems: 1 temperate and 1 tropical. Our experimental design allowed us to test for interactions among the 2 processes investigated; and by using the same experimental design for the 2 species, we were able to assess the generality of our findings.
METHODS
Systems studied. We conducted our experiments on 2 species in the family Goblidae. At Santa Catalina lsland (33'27'N, 118'29'W) , 33 km off the coast of southern California, we studied the blackeye goby Coryphopterus n~cholsii, and on the Great Bahama Bank, near Lee Stocking Island (23'46' N 76" 10' W) in the Bahamas, we studied the bridled goby Coryphopterus ylaucofraenum Both specles ale small (-50 and 90 mm maxlmum standard length [SL] for bndled and blackeye gobles respectlvely) benth~c, and fairly sedentary, maintaining territories no greater than a few square meters The 2 gobies are very common and on natural reefs reach densities of up to 20 and 30 m-2 for blackeye and b~ldled gobles respectively (Forrester 1995 , Steele 1997 ) Both species feed on invertebrates the blackeye goby eats both zooplankton and benthic invertebrates (Wlley 1973, Steele unpubl ) , while the bridled goby feeds almost exclusively on benthic invertebrates (Forrester unpubl ) Both specles are protogynous hermaphrodites (Cole 1983 , Cole & Shapiro 1992 At Santa Catallna Island, blackeye g o b~e s are primanly preyed upon by the kelp bass Paralabrax clathratus (family Serranidae) Thls species comprises about 90% of all piscivorous fishes at Santa Catalina (Steele unpubl ) and it actively hunts blackeye gobies In some sandy areas, such as the site where we conducted our experlments another serranid, the baired sand bass Paralabrax nebulifer, may also be an important predator Over the course of a day, both predatory serranids move at least 10s to 100s of meters, so at the scale of the small reefs used in this study these 2 predators are translent vlsltors In fact in this system, there are no plscivorous predators that are so sedentary that they could be considered res~dents on small patch reefs llke those used in this study
In the Bahamas, however the suite of predators that may consume brldled gobies is much more dlverse, both In terms of specles diversity and in terms of movement and foraging patterns On isolated patch reefs llke those used in thls study, piscivorous predators can be dlvided into 2 types resident predators, which are very sedentary and do not move among reefs, and trans~ent predators whlch do Resident predators include serran~ds (3 common specles) moray eels (Muraenidae, 2 specles), and squlrrelflsh (Holocentridae, 2 species), whlle the numerically dominant translent predator IS a lack (Carangldae) Experiments. To test for effects of predators and older resident conspecifics, we manipulated the presence of predators (with cages) and the density of conspecifics in a factorial design. Our goal was to determine the nature of the relationship between recruitment and the density of older conspecifics (subadults and adults), so rather than use few levels of density with replication (an ANOVA approach), we used many (8) levels of density with no replication (a regression approach). Densities of the older gobies used in the experiments spanned those naturally encountered for those size/age classes, ranging from 2 to 15 m-'in blackeye gobies and from 0.8 to 13.1 m-'in bridled gobies. In a second experiment with bridled gobies, we also used a portion of the design described above -we manipulated the presence of predators, without manipulating the density of adult conspecifics. We took advantage of natural variation in adult density to test for relationships between recruitment and adult density, and interactions between adult density and predator exposure.
The experiments were conducted on small isolated patch reefs that were constructed of natural materials. For blackeye gobies at Santa Catalina, we used 1 m2 rock rubble reefs; and for bridled gobies at Lee Stocking, we used 5.1 m' reefs built of live coral (see Hixon & Carr 1997 for details on construction and composition of the coral reefs). The reefs were constructed on sand flats and were separated by open expanses of sand (10 m between reefs at Santa Catalina, 200 m between reefs at Lee Stocking) to minimize migration of gobies among reefs. Rocks and coral were placed on mats of plastic mesh to keep them from sinking into the sand.
Santa Catalina Island experiments: At Santa Catalina, we used 2 predator treatments: predators present (uncaged reefs) and predators absent (caged reefs). We used 1 X 1 X 0.67 m high cages of rigid black plastic netting (19 mm mesh, 2 mm thick polyethylene plastic) on polyvinyl chloride (PVC) pipe (25 mm outer diameter) frames. In the context of another experiment (described in Steele 1997), we tested for artifacts of these cages on recruitment of blackeye gobies. To test for artifacts, we compared the number of blackeye goby recruits accumulated over 25 d on rock-rubble patch reefs inside partial cages (cages lacking one-half of 1 side) (n = 15) with the number of recruits accumulated on uncaged reefs (n = 6). We expected there to be no difference in recruitment between the 2 treatments if there were no cage artifacts.
To test for effects of predators and older conspecifics on blackeye gobies, we conducted 2 experiments, identical in design, at Santa Catalina in 1996 (13 July to 14 August and 22 October to 19 December). A second experiment was conducted because, in the first experiment, loss of older conspecifics stocked on predator-exposed reefs was very high over the first day of the experiment. As a result, there was a relatively sinall range of densities of conspecifics on predatorexposed reefs (0 to 6.6 vs 2 to 14 m-' on predator-free reefs), which precluded a strong test of the influence of older conspecifics on recruitment in the presence of predators. We circumvented this problem in the second experiment by caging the 'predator-exposed' reefs for 1 d to allow the stocked fish a chance to establish themselves on the reefs before removing the cages and exposing them to predators. Consequently, in the second experiment, there were similar ranges of adult densities on predator-exposed and predator-free reefs: 2 to 11.9 and 2 to 13.7 m-', respectively.
In the experiments at Santa Catalina Island, recruitment was measured as the number of individuals that had settled from the plankton and then survived on the reefs until collected 26 to 32 d later. Visual censuses of recently settled blackeye gobies are not very accurate (Steele unpubl.) , so we used the number of recruits collected by scuba divers using handnets and the anesthetic quinaldine as our measure of recruitment (in the second experiment, which lasted 58 d , recruits were collected twice, once after 32 d and again after another 26 d). Counts of older (and hence larger) fishes were quite accurate, and these were made 4 to 11 times during each of the 3, month-long periods of the 2 main experiments. Also, the number of piscivorous fishes (kelp bass and barred sand bass) within 1 m of each reef was recorded during the periods when gobies were counted.
The older gobies stocked on the reefs were all tagged subcutaneously with plastic implant tags (1 X 2.5 mm) with alphanumeric codes that allowed us to distinguish each individual and to distinguish stocked residents from recruits (which settled from the plankton) and immigrants (from nearby natural reefs), which were rare. In the July-August experiment with blackeye gobies, we stocked subadults that ranged from 35 to 45 mm SL. By the end of the experiment (1 mo later), based on their size (41 to 52 mm SL, mean = 46.6 mm), most of the surviving residents were sexually mature. In the October-December experiment we used subadults and adults, ranging from 40 to 50 mm SL, which, by the end of the first month, were all large enough (46 to 60 mm SL, mean = 52.1 mm) to be sexually mature.
The experimental reefs were built in a 2 X 8 grid in water 9 to 13 m deep. Cages, placed on half of the reefs, were assigned systematically -alternating with uncaged reefs within and between the 2 rows of 8 reefs. Density treatments were assigned randomly within the 2 predator treatments.
In testing for effects of older blackeye gobles on recruitment, it was not appropriate to use the initial density of blackeye gobies stocked on the reefs as the measure of density because these densities changed over time as fish died or left the reefs. We therefore used our 4 to 11 visual censuses to calculate the average density of older, tagged conspecifics on each reef over the course of each experiment and we used this as our measure of density of older blackeye gobies. This approach is more realistic biologically than using the density initially stocked, but it is not completely accurate. If the density of residents on a reef changes over the course of a n experiment, then fish that settle near the beginning of the experiment will be exposed to a different density of adults than those that settle near the end. In the second experiment with blackeye gobies (which ran for 58 d), to minimize the mismatch between actual densities of older conspecifics that settlers encountered and our estimate of conspecific density, recruitment was measured during 2 periods (32 and 26 d) rather than one 58 d period. The influences of density of older conspecifics and predators were then evaluated (see 'Statistical analyses' for details) separately for the 2 periods, using time-averaged densities of older conspecifics for each period.
Lee Stocking Island experiments: Two experiments were conducted at Lee Stocking Island and these differed from the Santa Catalina Island experiments in a few ways, the foremost being the use of additional predator-exposure treatments. Some of the predator species in the Bahamas are very sedentary and do not move among the small isolated reefs we used. We were able to manipulate the presence of these resident predators by removal (see Hixon & Carr 1997 for details). However, the more mobile predator species could not be manipulated by removal, so we manipulated their presence with cages. Because the 2 classes of predators (resident and transient) hunt prey in different ways (Hixon & Carr 1997) , which may cause them to have different effects on their prey, we explored th.e effects of each class of predators on the bridled goby. We used 4 orthogonal predator treatments: no predators (caged reefs with resident predators removed: -R-T); resident predators only (caged reefs with resident predators present: +R-T); transient predators only (uncaged reefs with resident predators removed: -R+T); and all predators present (uncaged reefs with resident predators present: +R+T). Hence, a subset of 2 of the 4 predator treatments (all predators absent and all predators present) had the equivalent predator treatments as in the experiments at Santa Catalina Island. +R reefs had densities of resident predators that were equivalent to those on naturally occurring patch reefs (Hixon & Carr 1997) . The 2 experiments at Lee Stocking Island were both conducted on the same array of reefs, at 3 to 5 m depth, and treatments (described below) were assigned randomly to reefs.
At Lee Stocking, transient predators were excluded with large cylindrical cages, 6 m in diameter and 4.5 m high, which were buoyed at the top, so they reached the water's surface. These cages were constructed of tar-coated knotless nylon cloth netting, with 9.5 mm mesh (which settling gobies can easily pass through). As part of the first experiment (hereafter referred to as the 1995 experiment), which lasted 32 d during August and September 1995, we tested for artifacts of caging by comparing recruitment of bridled gobies on uncaged reefs with that on partially caged reefs ('cage controls') (n = 6). Both partially caged and uncaged reefs had natural densities of resident predators and were exposed to transient predators (+R+T). Partial cages had the same dimensions as complete cages, but were formed of 4 panels of netting buoyed to the surface, alternating with open areas of equal width.
In the 1995 experiment, we manipulated predator exposure, but dld not manipulate the density of adult bridled gobies. However, since there was considerable natural variation in the density of adult gobies on the experimental reefs, we were able to test for relationships between recruitment and adult density. In this experiment, presence/absence of resident and transient predators was manipulated orthogonally, resulting in 4 treatment combinations (+R+T, +R-T, R + T , and -R-T), and there was the additional partial-cage treatment (n = 6 for each treatment). The partial cage treatment was also +R+T, and since we detected no cage artifacts (see 'Results'), this treatment was pooled with the uncaged +R+T treatment.
Bridled gobies can be can be counted quite accurately during underwater visual censuses (Forrester unpubl.) ; so in this experiment we estimated recruitment as the number of bridled gobies < l 2 mm SL counted by l diver (G. Forrester), on each reef, at the end of the experiment. Bridled gobies of this size are less than about 3 wk age post-settlement (Sponaugle & Cowan 1994, Steele & Forrester unpubl.). Density of adults was also estimated visually at the same time (by the same diver) and individuals >25 mm SL were counted as adults. We assume that this one-time, snapshot estimate of adult density actually reflects the densities of adults that were present on the reefs during the period when the < l 2 mm long bridled gobies were recruiting to the reefs. Since adult densities were estimated only at the end of this experiment, we cannot directly evaluate this assumption; however, in the second experiment at Lee Stocking Island (described below) adult densities were visually estimated twice, at a 2 wk interval. These 2 measures of adult density were highly correlated (r = 0.92, p < 0.000001, n = 32), indicating that our assumption of little change in adult density over the 3 wk recrultment perlod is reasonable.
In the second experiment (which lasted 15 d during July and August 1996; hereafter referred to as the 1996 experiment), we manipulated predator exposure (4 combinations: +R+T, +R-T, -R+T, and -R-T) and crossed this with 8 levels of density of adult bridled gobies. These adults ranged from 28 to 46 mm SL and were not tagged. By virtue of their size, the adults were easily distinguished from the much smaller (<l2 mm SL) recruits that accumulated during the experiment. On each reef, bridled gobies (recruits, < l 2 mm SL, and adults, >25 mm SL) were visually censused by 1 diver (G. Almany), 15 d after the initiation of the experiment. We used these counts as our measure of recruitment during the experiment, and adult density was estimated as the average of the density stocked on the reefs and the density counted on Day 15.
Statistical analyses. We aimed to address 3 main questions: (1) Is recruitment affected by predators? (2) Is recruitment affected by the density of older conspecifics? (3) Do effects of conspecific density and predation interact? Statistically, these questions were evaluated with analysis of covariance (ANCOVA). The ANCOVAs for the blackeye goby at Santa Catalina Island included 2 factors: predator treatment (a categorical variable), and density of older conspecifics (a continuous variable i.e. a covanate). The predator treatment term tests for an effect of predators on recruitment, and the conspecific density term tests for a linear, density-dependent effect of older conspecifics on recruitment. The interaction term between the 2 main effects tests for a statistical interaction between the 2 processes. Formally, the interaction term tests for homogeneity of slopes-and if the slopes are not homogeneous, then a test of the 2 main effects cannot be made. Additionally, when the slopes are homogeneous (i.e. p > 0.05 for the interaction term), the interaction term must be eliminated from the statistical model before a test and estimate of the 2 main effects can be made (Wilkinson et al. 1992) .
The ANCOVAs for the bridled goby at Lee Stocking Island included 3 factors: presence/absence of resident predators (categorical), presence/absence of transient predators (categorical), and density of adult bridled gobies (continuous). All possible interactions between these 3 main effects were initially included in the models for each experiment, and then, interactions with the covariate were sequentially eliminated (starting with the highest-order interaction) from the models if nonsignificant (p > 0.05).
For all models, parametric assumptions of ANCOVA (normality and homoscedasticity) were evaluated visually with normal-probability plots and regressions of residuals versus estimates. Transformation to squareroot (X +0.5) provided an acceptable fit to both assun~ptions for blackeye gobies. The same transformation improved the skewed distribution (caused by many zeros) of bridled goby data for both experiments, but these data still violated the assumption of normality. We proceeded with ANCOVA for this species anyway, since ANCOVA is robust to violations of the assumption of normality, but statistical results for the bridled goby should be interpreted cautiously.
When nonsignificant results occurred in both experiments on a species, we took the consistency in the results to indicate that there were really no effects of the treatments. In 2 cases, an effect of predators or density was detected in 1 experiment, but not detected in the second experiment on the same species. In these cases we used power analyses (following Cohen 1988) to determine whether the lack of agreement between experiments reflected a real biological difference, or merely the inability to detect a treatment effect in the nonsignificant experiment because of low test power.
RESULTS

Tests for cage artifacts
The cages used to manipulate predator exposure appeared to cause no major artifacts on recruitment of the 2 goby species, indicating that we can reasonably ascribe differences between caged and uncaged plots to effects of predators. Recruitment of blackeye gobies did not differ significantly between partially caged reefs and uncaged reefs: mean r 1 SE = 1.7 + 0.5 versus 1.9 ? 0.5 recruits reef-' (n = 15 and 6, respectively), independent t-test, t = 0.2, df = 19, p = 0.8. Likewise, there was no significant difference in recruitment of bridled gobies between partially caged and uncaged reefs: 4.2 ? 1.5 versus 5.2 + 1.5 recruits reef-', respectively, n = 6 (independent t-test: t = 0.5, df = 10, p = 0.6).
Blackeye goby
Recruitment of blackeye gobies was not influenced by the density of older conspecifics during either experiment (Fig. 1, Table 1) . Predators, however, did reduce recruitment of blackeye gobies by 37 to 74 relative to predator-free reefs during the 3 month-long periods of the 2 experiments (Fig. 2) . This effect of predators was always at or near the level of statistical sign~ficance (Table 1) . Predators, however, did not alter the (lack of a ) relationship between recruitment and density of older conspecifics (Fig. l) Fig. 3 . Relationships between recruitment of bridled gobies and the density of adult bridled gobies, in 4 predator-exposure treatments during the 1995 (n = 6 for each predation treatment, except for the +R+T treatment where n = 12) and 1996 (n = 8 for each predation treatment) experiments. Recruitment was significantly negatively related to adult density in the 1995 experiment, but not In the 1996 experiment (see Table 2) Bridled goby
In the 1995 experiment, recruitment of bridled gobies was negatively related to the density of adults (Fig. 3,  Table 2 ), although several reefs (10 of 30) over the range of adult densities received no recruits. In the 1996 experiment there was no statistically significant relationship between recruitment and adult density (Table 2) , although there was a similar tendency for recruitment to decline as density of adults increased (Fig. 3 ) . Recruitment during the 1996 experiment bras much lower than in the 1995 experiment (1995: range = 0 to 11 recruitsheef, mean rt 1 SE = 2.7 rt 0.5; 1996: range = 0 to 3 recruitsheef, mean = 0.7 5 rt 0.2), and during the 1996 experiment, 17 of 32 reefs received no recruits. Power analysis indicated that we were unlikely to have detected a negative relationship between adult density and recruitment in 1996 of the strength that was observed in 1995 (power = 0.28, assuming that the relationship with density explained the same proportion [0.19] of the total variance in recruitment as it did in Table 2 Summary of resuIls of ANCOVA testlng for effects of dens~ty of adult conspeciiics, resldent predators, transient predators, and interactions between these factors on recruitment of bridled gobies. Tests for main effects (effects of each class of predators and adult conspecifics) were made after eliminating the nonsignificant (p s 0.05) interaction terms involv~ng the covariate (adult density) from the models (note df; see 'Methods: statistical analyses' for rationale). Recruitment was transformed to square-root ( x + O 5) because this improved normality and created a inore linear relationship between recruitment and adult density In the 1995 expenment. However, even after transformation, the data (in both experiments) were still not normally distributed owing to many zeros in the data sets. Consequently, the results presented here should be interpreted cautiously the 1996 experiment, data are unadjusted means (* 1 SE), since recruitment was unrelated to density of adults in this experiment, n = 6 for each *lthough predation is to treatment in the 1995 experiment, except for the +R+T treatment where be the ultimate cause of most 'mortality in reef n = 12; and n = 8 for each treatment in the 1996 experiment fishes (Hixon 1991) , and mortality is very 1995, and p = 0 05) We conclude, therefore, that reciultment in brldled gobies declines wlth increasing adult density, but that low recruitment in 1996 made the relationship difficult to detect in that year. Recruitment of bndled gobies was strongly affected by resident predators during the 1995 experiment (Table 2) ; the effect, however, was positive (Fig 4) (Table 2 ) bndled gobles during 2 experiments Treatments -R-T = no predators p~esent, -R+T = reefs exposed only to transient predators (uncaged, resdent predators removed), +R-T = reefs exposed only to res~dent preda-DISCUSSION tors (caged), and +R+T = reefs exposed to both resident and translent predators (uncaged or partially caged) Data are backtransformed, Influences of predators a n d conspecifics o n adjusted least-squares means (* the pooled SE) remov~ng the Influence recruitment of reef fishes of denslty of adult bndled gobies (see Flg 3) In the 1995 expenment For high around the time of settlement (Doherty & Sale 1985 , Victor 1986 , Sale & Ferrell 1988 , Booth 1991 , Hixon & Beets 1993 , Levin 1993 , it has proven difficult to unambiguously demonstrate that predators reduce recruitment of reef fishes. Several studies (Shulman 1984 , Doherty & Sale 1985 , Hixon & Beets 1993 , Beets 1997 , Steele 1997 have found evidence for predatorcaused reductions in recruitment, but many of these studies have confounded potential cage artifacts, or independent effects of habitat complexity (i.e. shelter availability), with effects of predators. However, a couple of recent studies (Beets 1997 , Steele 1997 ) have demonstrated predator-induced reductions in recruitment of reef fishes, and Carr & Hixon (1995) and Beukers & Jones (1997) found effects of predators on survivorship of young reef fishes, although their studies did not examine natural recruitment.
Our comparison of recruitment on uncaged versus partially caged ['cage control') reefs suggested that artifacts of caging did not confound our tests for predatory effects. However, it is widely recognized that comparing partially caged areas with uncaged areas is not a foolproof test for artifacts of caging. Partial cages may not achieve their intended purpose of mimicking all of the effects of cages, while, at the same time, exposing prey populations to a risk of predation equal to that encountered in uncaged areas (Dayton & Oliver 1980 , Underwood & Denley 1984 , Steele 1996 . We believe that the partial cages used in this study adequately mimicked the effects of exclosure cages, but we are less certain of their effects on risk of predation. Partial cages may alter risk of predation by attracting predators (e.g. Arn.tz 1977 , Virnstein 1978 and/or influencing the ability of predators to capture prey in partially caged areas (Steele 1996) . While we have no data on the potential effects of partial cages on predators in the Bahamas, Steele (1996) explored these sorts of effects using the same partial cages that were used in the present study with the blackeye goby. That work suggested that some predators may aggregate to partial cages (about twice as many Paralabrax spp. were seen near partially caged reefs compared to uncaged reefs, although this difference was not statistically significant). However, the efficacy of those predators appeared to be greatly reduced on partially caged reefs. Direct tests for cage artifacts in settled blackeye gobies (Steele 1996) indicate that this species is not affected by cage artifacts. This result, combined with the simllar levels of recruitment in partially caged and uncaged reefs for the blackeye goby, leads u.s to ~n t e rpret differences in recruitment between caged and uncaged reefs as being caused by predation and not as being a n experimental artifact.
Our results indicate that predators had strong effects on recruitment of both species that we studied, but these effects were opposite in direction: predators had a negative effect on the blackeye goby and a positive effect on the bridled goby (although this result was found in only 1 of 2 experiments). The bridled goby is the first reef-fish species that has shown a decrease in abundance in response to predator removal. Such posltive effects of predators are quite common in other systems (reviewed in Sih et al. 1985) , so there is reason to believe that future experiments will show them to occur in other species on coral reefs. The mechanism for the positive effect of resident predators on bridled gobies is uncertain. One possibility is that predators reduced the abundance of a superior competitor (e.g. keystone predation; Paine 1966). Another possibility is that removal of large piscivores allowed an increase in abundance of smaller generalist carnivores (such as the wrasses Halichoeres hivittatus and H. garnoti] whose abundance was not manipulated in the experiment. These smaller fishes have very catholic diets, and they may have preyed upon the recently settled gobies during our experiments.
The preceding paragraph highlights the point that in species-rich systems that include many generalist predators, it is difficult to pinpoint the mechanism(s) by which the abundance of 1 species is affected by others. Other workers have interpreted negative effects of predators as the direct result of predation (Carr & Hixon 1995 , Steele 1996 , 1997 , 1998 , Beets 1997 , Beukers & Jones 1997 . This is the simplest explanation of such results, and we offer this explanation as the most likely cause of reduced recruitment in the blackeye goby. However, in neither our study nor previous studies has there been direct evidence that predators reduced the abundance of prey solely by consuming them. Therefore, it is possible that some indirect effect of predators caused reduced recruitment of blackeye gobies, as well as causing increased recruitment in bridled gobies.
The effects of predators differed radically between the 2 species that we studied. That difference could be due to a general difference between a species-rich tropical system versus a 1.ess rich temperate system; or due to differences between our 2 prey species or differences among predator species that are unrelated to general differences between temperate and tropical systems. One hypothesis is that indirect effects of predators will be more common in tropical systems simply because of the increased number of species and greater complexity of the food webs. However, even within particular systems, great differences in the impacts of predators on reef fishes have been found. In a study on 3 tropical reef fishes, Carr & Hixon (1995) found strong effects of resident predators on 2 species, but no effect on a third. Similarly, Beets (1997) found effects of a predatory reef fish on recruitment and abundance of some Caribbean reef fishes, but not on others. Also. Steele (1997 Steele ( , 1998 found strong impacts of predators on 1 temperate-reef species, but not another. The variation in impacts of predation among reef-fish species noted in this study and others is not simply an artifact of low statistical power to detect impacts of predators on some species but not others. Rather, there are real differences in the magnitude of predatory effects among prey species. This is not surprising, since risk of predation is determined by many complex and interacting factors, including the behavior and morphology of both predators and prey, which vary among species. For example, recently settled blackeye gobies may suffer greater losses to predators than bridled yobies do because blackeye gobies are more readily detectable, since they settle at a larger size and forage predominantly in the water column where they are quite visible. The very small bridled goby recruits remain on the substrate and move little while foraging on benthic invertebrates, making them difficult to detect. Furthermore, there were very few alternative prey on the patch reefs with blackeye gobies, which could have elevated the risk of predation for this species, whereas on the Bahamian reefs with bridled gobies, there were many alternative prey, including larger and more conspicuous species, which predators may have focused on, thus lowering the risk of predation for the bridled goby. Determining which factors cause variation in risk of predation among reeffish species should prove a profitable area of research because it may help us predict the relative importance of predation versus other post-settlement and pre-settlement processes in setting patterns of abundance.
For both blackeye and bridled gobies, there were temporal differences in predator impacts on recruitment. In 1 experiment, resident predators had a strong positive effect on recruitment of the bridled goby, but in a second experiment no effect was detectable. Likewise, predators reduced recruitment of the blackeye goby by as little as 37% in one experiment and by as much as 74 % in another. Moreover, in an earlier study, Steele (1997) found no statistically significant influence of predators on recruitment of blackeye gobies (there was a nonsignificant 24 O/u reduction in recruitment, measured using the same cage and reef design, at the same site as the present study). The differences in impacts of predators among time periods are not related to variation in predator ab.undance, since predators were rare (0.17 c 0.05 reef-', n = 16) during the period when the greatest impact of predators was detected (the second month of the October-December experiment in this study), but common (1.59 * 0.24 reef-', n = 36) during the prior study, in which the smallest effects of predators were found. Recruitment, however, was extremely low (mean = 2.0 m-2; and many reefs received no recruitment) during the prior study, but higher (mean = 4.9 to 36.2 m-2) during the present study. Low recruitment may decrease the likelihood of detecting any impacts on recruitment for statistical (e.g. see Sweatman 1985) or biological reasons (e.g. it may not be energetically profitable for predators to target rare prey types).
Like the impacts of predation, the influence of older conspecifics varied between the 2 species. Recruitment of bridled gobies appeared to be inhibited by adults, whereas there was no obvious effect of older conspecifics on the recruitment of blackeye gobies. Similar findings have been reported in previous experiments with these species (on reefs with natural predator communities present; Forrester 1995 , Steele 1997 , suggesting that they are consistent and reliable results. The full range of possible effects of older conspecifics has been found in other species, including negative effects (Sale 1976 , Behrents 1987 , Tupper & Boutilier 1995 , positive effects (Sweatman 1983 , Jones 1987 , Booth 1992 , Schmltt & Holbrook 1996 , Steele 1997 , and no detectable effects (Doherty 1983 , Jones 1984 , 1987 , Levin 1993 . One study on a tropical damselfish has even documented a hump-shaped relationship between recruitment and adult density (Schmitt & Holbrook 1996) and such a relationship was suggested in 1 experiment with the blackeye goby (Fig. l a ) . Indeed, one would expect that for all species of reef fishes, the relationship between recruitment and adult density must eventually become negative at high enough densities since resources should become limited. However, such high densities may only rarely or never occur naturally in some species.
We found no evidence for interactions between effects of predators and older conspecifics. Similarly, Steele (1997) found no evidence of such interactions between effects of predation and of older conspecifics in another species of reef fish, even though both factors had significant effects on recruitment. However, there is reason to believe that such interactions may sometimes occur; if, for example, recruitment is limited by available shelter (and older conspecifics pre-empt shelter space), then there might be a negative relationship between the density of conspecifics and recruitment in the presence of predators, but no such i-elationship in the absence of predators.
Implications for regulation of local populations
The influences of older conspecifics and predators on the 2 species that we studied clearly have the potential to modify patterns of spatial variation among reefs established 'by variable larval supply Density-dependent recruitment In bridled gobies (Forrester 1995, this study) will serve to reduce variation in density among local populations and regulate them. Also, since the effects of predators vary temporally (this study) and spatially (Steele 1997 (Steele , 1998 , it is likely that predators will obscure patterns of abundance established at settlement. Therefore, on patch reefs, at the scales that we worked, post-dispersal processes have the potential to decouple patterns of abundance on reefs from patterns of larval supply to them. However, it is not clear whether this conclusion holds true at larger scales or in more connected habitats (i.e, large tracts of continuous reef). As Connell (1985) posited for intertidal barnacles, we predict that larval supply will be a primary determinant of reef-fish abundance and population structure when and where larval supply is low, but that the importance of larval supply will diminish as larval abundance increases. We make this prediction not only because density-dependent interactions with conspecifics should become stronger as density increases, but also because at higher densities it may become profitable for generalist predators to focus on species that were energetically unprofitable at low densities.
Comparisons among species: generality?
It is usually difficult to make comparisons among species because studies are done in differen.t ways on different species. This study is among the first to compare the effects of predators and conspecifics (on any aspect of an organism's biology) between species and between systems, using a fairly standard experimental design. It is a first attempt, and so suffers some shortcomings, but nonetheless does offer some meaningful findings. Foremost among these, is that, even for very similar species (e.g. 2 small, benthic gobies in the same genus), the influences of biotic factors on a particular biological attribute (in this case, recruitment of young) may vary dramatically between species. Our task then is to understand the causes of variation among species, so that we can predict, say, the influences of predators and conspecific density on species that have not been well studied.
Even though the effects of predators and conspecifics varied widely between the 2 species that we studied, the abundance of both species was significantly influenced by post-settlement processes. Up until recently, based upon results of studies which have predominantly been done on damselfishes and wrasses, there was little evidence for strong post-settlement modification, of abundance In reef fishes, which raises the question: are gobies somehow different from other reef fishes? We think not. Some recent studies on damselfishes (e.g. Ca.rr & Hlxon 199.5, Beukers & Jones 1997 , Hixon & Carr 1997 and wrasses (e.g. Carr & Hixon 1995 , Tupper & Boutilier 1995 , 1997 ha.ve also demonstrated strong modification of abundance by post-settlement mortality (due to both predators and unidentified causes). Whether studies done on small, relatively sedentary species like gobies, damselfishes, and wrasses tell us much about larger, more mobile, and often economicallp more valuable reef-dwelling species, like groupers and snappers, remains to be seen
